Gentamicin was successfully incorporated into neutral, anionic, and cationic liposomes, and the percentage of gentamicin incorporated was found to be a function of lipid concentration. Gentamicin did not leak out of the liposomes over a 3-week period at 4°C. When liposome-associated gentamicin was administered intravenously to rabbits, its serum half-life was greatly prolonged. Intragastric administration of dipalmitoylphosphatidylcholine liposomes containing gentamicin resulted in the appearance of gentamicin in serum. Liposome-associated gentamicin, when administered intravenously, led to the appearance of gentamicin in the liver and spleen, which was not observed when rabbits were injected with free gentamicin.
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When phospholipids are exposed to water, the outcome is the' formation of closed, concentric membrane vescicles which will contain a proportion of the water together with any dissolved solutes.
The potential of phospholipid vescicles or liposomes as vehicles for drugs has been well reviewed by Gregoriadus (5) . A considerable number of compounds, both lipid and water soluble, have been associated with or trapped within liposomes and shown to exhibit different pharmacological properties when administered to animals (6) . Depending upon the size and surface charge of liposomes and the nature of the drug incorporated, will be determined such properties as prolonged periods of circulation in blood or concentration in certain tissues such as liver and spleen (6 VOL. 17, 1980 somes is shown in Table 1 . A greater percentage of gentamicin is entrapped within charged liposomes than within neutral liposomes. Entrapment efficiency is increased when lipid concentration is raised ( Table 1 ). The concentration of gentamicin entrapped from a 2-ml solution doubles when the initial amount of lipid dried in the glass vial is raised from 50 to 100 mg. Raising the gentamicin concentration beyond 50 mg/ml in the aqueous phase severely interfered with the formation of liposomes and resulted in a sedimentable suspension of lipid which would not pass through a Sephadex G75 column.
All three liposomal preparations were stable with respect to intraliposomal retention of gentamicin. No significant change in gentamicin concentration could be observed in the surrounding extraliposomal space over a 3-week LIPOSOME-ASSOCIATED GENTAMICIN period at 40C (Table 2) .
In vivo study. Figure 1 illustrates graphically the serum levels of anionic liposomes containing gentamicin when injected intravenously into a rabbit. Both the intraliposomal and extraliposomal gentamicin disappeared at approximately the same rate and also paralleled that of the control which received an intravenous dose of gentamicin mixed with empty liposomes. The serum level at 3 h exhibited no detectable gentamicin. By contrast, cationic liposomes (Fig. 2) remained in the circulation for a prolonged period. The 80-min serum sample showed no diminution of intraliposomal gentamicin, whereas in the control animal the serum gentamicin fell to levels less than 1 ,ug/ml. The extraliposomal gentamicin level persisted at approximately 1 ,ug/ml up to 4 h after injection. Serum taken 24 Table 3 . Animals were sacrificed 3 h after an intravenous dose. Two controls included one which was sacrificed when the serum gentamicin level was high (Table 3) . Not included in Table 3 h later revealed liposomal gentamicin to be still present at 1.25 ug/ml. The injection of neutral liposomes containing gentamicin also resulted in a persistent level of serum gentamicin which was present at low levels 24 h later (Fig. 3) , whereas in the control there was no detectable gentamicin activity at 4 h or later.
The intragastric administration of gentamicin containing liposomes prepared from dipalmitoylphosphatidylcholine resulted in the appearance of detectable gentamicin in the rabbit serum (Fig. 4) . This fell to below detectable levels 
DISCUSSION
The results presented demonstrate that gentamicin can be incorporated within anionic, cationic, and neutral liposomes. The higher entrapment that was observed with ionic liposomes supports the view that the presence of charged lipid increases the aqueous space with liposomes (2). The percentage of available gentamicin entrapped appeared to be a function of the lipid concentration in the aqueous phase during liposome formation. The concentration of intraliposomal gentamicin attained was limited by interference with liposome formation that occurred when the aqueous-phase gentamicin concentration was set at 100,ug/ml or greater. The separation of a free gentamicin from the liposomal fraction was adequately achieved by G75 Sephadex filtration, as can be judged from the values for zero time in Table 2 . The use of finger grades of Sephadex gel to obtain better separation was seriously offset by lipid adsorption onto the column with resulting flow impedance. Once formed, liposomes containing gentamicin appeared very stable with respect to leakage of gentamicin out into the extra liposomal aqueous space. Such problems have been reported with other small ionic molecules and have been minimized by constructing liposomes of the same ionic charge as the trapped ion. However, under the conditions we described, cationic liposomes appeared no less leaky than the other varieties. Thus, the good separation achieved by gel filtration, coupled with the good stability, meant that for in vivo studies rabbits invariably received liposomes that were never contaminated with greater than approximately 1% of free gentamicin. Nevertheless, the ratio of free to intraliposomal gentamicin changed in rabbit circulation after intravenous injection. This was exhibited with anionic and cationic preparations. The factors causing the release of free gentamicin might be due to rupture of liposomes by lytic factors in rabbit serum or an affinity to blood proteins such as albumin.
As could be predicted from the findings of others working with different solutes, the pharmocokinetics and distribution of liposomal gentamicin is largely a reflection of the in vivo handling of liposomes, irrespective of the presence of gentamicin. The prolonged presence of gentamicin associated with cationic and neutral liposomes is similar to that exhibited when radio-iodine-labeled albumin was incorporated (7) . Because the method of preparation included ultrasonication which results in the breakdown of large multilamellar liposomes into small unilamellar forms, persistent blood circulation was to be expected (8) . The data on neutral liposomes (Fig. 3 ) was based on low serum concentrations, probably beyond the limit of accuracy of the bioassay method. Thus, the significance of the intraliposomal and extraliposomal genta-micin concentration is doubtful but at 1, 4, and 5 h (Fig. 3) , the addition of Triton X-100 to the serum samples consistently resulted in apparently higher concentrations of gentamicin, suggesting rupture of liposomes. Although the concentration measured at 24 h is probably inaccurate, it represented detectable gentamicin activity, whereas in the control no gentamicin activity, i.e., no inhibition zones in the bioassay, were observed at this time. The disappearance of all three liposomal types corresponds with their uptake in the reticuloendothelial system, particularly the liver and spleen (5) . This is confirmed by the appearance of easily detectable concentrations of gentamicin in those organs for which free gentamicin, when administered intravenously, has no preference. The finding of relatively high concentrations of gentamicin in the spleen of the rabbit receiving anionic liposomes is at variance with the observations of Gregoriadus (7) . Using radiolabeled albumin, he found no preferential uptake in the spleens of rats administered with any liposomal type. However, the high spleen concentration correlated with a low serum concentration at the time of sacrifice (see also Fig. 1 ) and suggested that the anionic liposome-associated gentamicin was rapidly acquired and actively retained within the spleen.
A number of liposomal preparations carrying pharmacological compounds which otherwise do not traverse the gastrointestinal mucosa have been administered intragastrically and have subsequently appeared in blood and tissue (4) . Recently (5) , it has been suggested that dipalmitoyl lecithin is efficient in this regard by virtue of its relative resistance to pancreatic lipases. We confirn that dipalnitoyl phosphotidycholine liposomes can carry gentamicin via the intragastric route to readily detectable serum levels in rabbits.
The profound effect that liposomal incorporation has on the pharmacology of gentamicin and probably on other antibiotics offers interesting possibilities, particularly in the treatment ofthose infections that characteristically involve the reticuloendothelial system, e.g., brucellosis and listeriosis. Bacteria that are harbored within cells are protected from the action of many antibiotics, and the diseases they cause are thus often difficult to treat. Liposomes offer a potential for carrying antibiotics to the tissue and cells involved in these infections. Alving et al. (1) have already exploited this potential for the treatment of leishmaniasis which exhibits the tissue tropisms mentioned above.
